Phosphoinositide-protein interactions of the plasma-membrane Ca2(+)-transport ATPase as revealed by fluorescence energy transfer.
Fluorescence energy transfer has been used to study the interaction of various phospholipids with the erythrocyte (Ca2+ + Mg2+)-ATPase. The fluorescence energy transfer between tryptophan residues of the (Ca2+ + Mg2+)-ATPase purified from erythrocytes and pyrene-labelled analogues of phosphatidylcholine (Pyr-PC), phosphatidylinositol (Pyr-PI), phosphatidylinositol 4-phosphate (Pyr-PIP), phosphatidylinositol 4,5-bisphosphate (Pyr-PIP2), phosphatidylglycerol (Pyr-PG) and phosphatidic acid (Pyr-PA) was measured. A positive correlation was found between the number of negative charges on the phospholipids (PIP2 greater than PIP greater than PA greater than PI = PG greater than PC) and the potency of their pyrene-labelled analogues to act as quantum acceptors in fluorescence energy transfer from the tryptophan residues of the (Ca2+ + Mg2+)-ATPase. This is the first time that a physical interaction between PIP/PIP2 and an intrinsic membrane protein has been demonstrated. The dependence of the energy transfer on the number of negative charges of the phospholipids closely resembles the previously demonstrated charge dependence of the enzymatic activity of the (Ca2+ + Mg2+)-ATPase (Missiaen, L., Raeymaekers, L., Wuytack, F., Vrolix, M., Desmet, H. and Casteels, R. (1989) Biochem. J. 263, 687-694). It is concluded that the stimulation of the (Ca2+ + Mg2+)-ATPase activity by negatively charged phospholipids is based on a binding of these lipids to the (Ca2+ + Mg2+)-ATPase and that the negative charges are a major modulatory factor for this interaction.